ABSTRACT Arrested feeding of the Asiatic rice borer, Chilo suppressalts (Walker) by the Bacillus thuringiensis Berliner formulations Dipel and Thuricide was tested in the laboratory. Larvae were fed B. thuringiensts incorporated into artificial diet for 48 h, after which they were transferred to diet free of B. thuringiensis. The relative amount of B. thuringiensts ingested was determined by weighing the larvae and diet. The endotoxin inhibited feeding after an initial dose was ingested, but some larvae recovered after 36, 60, and 84 h on the diet free of B. thuringiensis. Mortality was low even after 180 h. Probit analysis based on arrested feeding rather than mortality showed no significant differences in toxicity between the products. Measuring feeding activity of Asiatic rice borer on artificial medium provides a method of comparing effectiveness of B. thuringiensis materials for this insect.
CURRENTLY,MOSTKEY PESTSof rice in tropical Asia are lepidoptera, i.e., the leaffolders Cnaphalocrocis medinalis Guenee and Marasmia spp. (Pyralidae), armyworms (Noctuidae), the caterpillar Rivula atimeta Swinhoe, and several stem borer species (Pyralidae and Noctuidae). Broad-spectrum pesticide applications to control these pests destroy natural enemies and can cause severe outbreaks of the rice brown planthopper, Nilaparvata lugens (Stahl) (Heinrichs & Mochida 1984 , Kisimoto 1984 . For integrated pest management systems, selective control agents for lepidopteran key pests that do not upset natural enemy complexes must be developed.
The bacterium B. thuringiensis Berliner has been used for selective caterpillar control for several decades (Burges 1981 (Burges , 1982 ; its toxicity for non-phytophagous fauna is negligible (Krieg & Langenbruch 1981) . Several products containing B. thuringiensis spores and toxins are commercially available. Most lepidoptera suffer paralysis of their mouthparts and gut shortly after feeding on the endotoxin, and typically starve to death. In the field, crop damage is thus arrested shortly after feeding begins.
Dependable methods to test materials that contain B. thuringiensis for rice stem borer control must be developed. In this paper, we report arrested feeding of the Asiatic rice borer Chilo suppressalis caused by the B. thuringiensis products, Dipel and Thuricide. We studied the effects of the toxins on feeding behavior and compared toxicities of the products.
Materials and Methods
Preparation of Materials. Colonies of C. suppressalis were kept in the laboratory on the southwestern corn borer (SCB), Diatraea grandiosella (Dyar) diet (Chippendale & Cassatt 1985) for three generations. Third and fourth instars were tested. For 24 h before the test, larvae were starved in Petri dishes lined with moist filter paper to stimulate their subsequent feeding on the diet. No mortality occurred during this starvation period.
The B. thuringiensis products Thuricide HP (Sandoz AG, Basel, Switzerland, lot no. 2140118) and Dipel (Abbott's Laboratories, Chicago, lot no. 57-279-BJ, 16,000 IV /mg) were tested. The materials were kept dry and stored at 3-5°C until use. Serial dilutions of both B. thuringiensis products were incorporated in the SCB diet in concentrations of 15, 5, 1.67, 0.56, 0.185, 0.062, and 0.021 mg/ml diet. After autoclaving, the SCB diet was cooled to 600C; B. thuringiensis was then added to avoid affecting the endotoxins, which are heat labile. Formaldehyde (0.1 ml of 37% solution per 100 ml diet) was added to inhibit spore germination and bacterial growth in the medium. Twenty-five replicates, each in a separate dish, of each concentration were prepared for each B. thuringiensis product. One replicate contained one drop of diet and one rice stemborer larva. A drop of 150-250 mg of the B. thuringiensis diet mixture was placed in the middle of each dish (3 em diameter). After solidification, the drop was weighed. The dishes were closed with two layers of parafilm to prevent excessive evaporation. Diet without B. thuringiensis was fed to the control larvae. Ten dishes with only diet and no insects were prepared to deter- mine the evaporation rate of the diet for later correction of the ingested amount.
Feeding on the SeD-B. thuringiensis Diet. C. suppressalis larvae do not feed continuously, but in short periods that can be half a day apart. To maximize feeding, the larvae were kept on the diet for 48 h. The larvae were weighed before incubation. The dishes were incubated at room temperature (28-30"C) and in continuous darkness.
Evaluation. After the 48-h feeding period, the remaining diet was weighed, and each larva was transferred to a dish with a droplet of diet that was free of B. thuringiensis. The diet was checked after 36, 60, and 84 h for feeding traces on its surface. Absence of feeding traces was interpreted as arrested feeding and was expressed as percentage of the larvae that did not feed within the concentration group. After 4 d, surviving larvae were transferred to larger cups with about 10 ml SCB diet for further rearing. Mortality was recorded after 180 h.
Analysis. The ingested doses per milligram of larva were calculated with the following formula:
Ingested dose(/lg B. thuringiensis product per mg larva) = [(mg diet before feeding -mg after feeding -mg evaporation) x dose (/lg B. thuringiensis/ml diet)]/(mg larva).
Ingested doses were averaged for each concentration group; these doses were used in the probit analysis (Finney 1971) . The standard error of the probit slope was calculated separately with a standard analysis of variance program. The effective dose causing a mortality of 50% (ED50, Finney 1971) was estimated for the different intervals. This effectiveness referred to arrested feeding rather than mortality. Arrested feeding (after 36, 60, and 84 h on the diet free of B. thuringiensis) was calculated for each treatment, and as the rate of number of larvae not feeding in the treatment and the number of larvae not feeding in the control (x 100%). Feeding on the SCB-B. thuringiensis diet was calculated with the following formula:
(/lg B. thuringiensis diet/mg larva) = 1,000 x [(mg diet before feeding -mg after feeding -mg eva pora tion) / (mg larva)].
Means and standard errors of the control group and treatments were calculated and differences between the control group and treatments were tested for significance with Student's t test (P < 0.05).
Results and Discussion
Feeding Inhibition. B. thuringiensis toxins are known to paralyze mouthparts and destroy gut ep- 
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•. on the diet even at the higher doses of B. thuringiensis. A large proportion of the population molted without feeding, but the pupae were small and adults deformed. Similar effects were reported for Heliothis virescens (F.) larvae fed on diet with B. thuringiensis spores and the delta-endotoxin complex (Dulmage & Martinez 1973) .
The reaction of rice stemborer larvae to the B. thuringiensis endotoxin is known as a response type II (Heimpel & Angus 1963, 21-73; Faust 1974) , i.e., the insects suffer mouthpart and gut paralysis shortly after feeding and die of starvation or bacteriaremia. In our experiment, germination of B. thuringiensis spores was inhibited by the presence of formaldehyde in the diet. The presence of living spores greatly increased the lethal effectiveness of B. thuringiensis to Galleria mellonella L. (Burges et al. 1976) . Therefore, interaction of endotoxins, living B. thuringiensis spores, and rice stem borer larvae should be investigated further.
ithelium of insects (Faust 1974) , and further feeding by the insects is inhibited. The rate of these effects is dependent on dose (Burgerjon 1962) . The relationship between feeding (JLgB. thuringiensis diet/mg larva) and dose (JLg B. thuringiensis product/ml SCB diet) is given in Fig. 1 . Feeding was reduced significantly in all B. thuringiensis treatments compared with the control except in the treatments Dipel (21 JLg/ml) and Thuricide (21 and 62 JLg/ml, Table 1 ). This effect of arrested feeding by B. thuringiensis endotoxins has long been known, and earlier bioassays were designed to measure this reduction of consumption rather than final mortality (Burgerjon 1962 (Burgerjon , 1965 .
Comparison Between B. thuringiensis Products. Results for dose-dependent arrested feeding (percentage of larvae feeding after 36, 60, and 84 h) and mortality (after 180 h) are given in Fig. 2A  and B ; results from probit analysis are given in Table 2 . The slope of the probit line of Dipel increased with time as did the ED50; this effect may reflect recovery from mouthpart and gut paralysis. Such recovery also was shown for Manduca sexta (L.) (Griego et al. 1980) .
Although feeding was largely arrested, relatively few insects died on the media after 180 h of feeding
